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Background: This study was performed to determine
which of the quantitative methods, namely, chromo-
genic endpoint, chromogenic kinetic, and turbidimetric
kinetic ones, best fit for the analysis of primary
endodontic infections. Methods: Twenty-one root
canals with apical periodontitis were sampled with
paper points. The same sample was analyzed by means
of the endpoint chromogenic Limulus amebocyte lysate
(LAL) assay (QCL), quantitative kinetic chromogenic LAL
assay (KQCL), and kinetic turbidimetric LAL assay (Turbi-
dimetric). Results: All three LAL methods were effective
in the recovery of endotoxin from root canal infection.
Regardless of the method tested, endotoxin was de-
tected in 100% of the root canals (21/21). The KQCL
assay yielded a median value of endotoxin of 7.49 EU/
mL, close to and not significantly different from those
for the turbidimetric test (9.19 EU/mL) (both kinetic
methods) (p > 0.05). In contrast, the endpoint QCL
showed a median value of 34.20 EU/mL (p < 0.05).
The comparison of the three methods revealed that
both turbidimetric and KQCL methods were more
precise, with best reproducibility (the coefficient varia-
tion between analysis of the root canal and its duplicate
was lower than 10%). The inhibition/enhancement
assay indicated a good interaction between the root
canal samples with the turbidimetric method. Conclu-
sion: This study has revealed that quantitative kinetic-
turbidimetric and kinetic-chromogenic LAL methods
are best fitted for the analysis of endotoxins in root
canal infection, both being more precise and allowing
better reproducibility compared with the endpoint-QCL
assay. (J Endod 2011;37:163–167)
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JOE — Volume 37, Number 2, February 2011Lipopolysaccharide (LPS, endotoxin), an outer membrane component of gram-negative (GN) bacteria predominantly involved in root canal infection (1), is an
important mediator in the pathogenesis of apical periodontitis (2–8). Over the
years, clinical endodontic researchers have not only attempted to investigate LPS in
infected root canals by correlating higher endotoxin levels with the presence of
clinical signs/symptoms and radiographic findings (8–13) but also evaluated the
effect of root canal procedures on its elimination (8, 14–16) by using the Limulus
amebocyte lysate (LAL) coagulation system (17).
The LAL assay uses a serine protease catalytic coagulation cascade activated by the
presence of GN bacterial endotoxin (18). Because of its extreme sensitivity to endo-
toxins (19), LAL is the most widely used assay for the analysis of endodontic contents
(8, 9, 11–16, 20–23) (Table 1). There are several endotoxin detection methods using
the so-called Limulus reaction using LAL (17, 24, 25), gel clot (17), and turbidimetric
(26) and chromogenic (27) tests.
The first studies used a semiquantitative analysis of endotoxin determined by the
endpoint coagulogen assay and the detection of endotoxin by the evidence of gelation
(gel clot LAL assay) (12). More recently, endodontic investigations have used quanti-
tativemethods such as the chromogenic endpoint (QCL test) (9, 11, 13–15) and kinetic
chromogenic (KQCL test) assays (20–22), both determining the levels of endotoxin by
the yellow color intensity (chromogenic LAL assay), and the kinetic turbidimetric assay
(8, 16, 23, 28) (turbidimetric test), which is based on the reaction by turbidity
(coagulogen-based LAL assay).
Although the endpoint chromogenic method has a limitation regarding the lack of
sensitivity (detection limit: 0.1-1 endotoxin unit/mL [EU/mL]), the chromogenic kinetic
(detection limit: 0.005-50 EU/mL) and turbidimetric kinetic (detection limit: 0.01-100
EU/mL) methods present a higher precision (18). On the other hand, the kinetic
methods have a problem with the duration of the experiment (over 60 vs 16 minutes
in the endpoint chromogenic method) (29).
Overall, because of the different assay performance for endotoxin detection and
variability in the sensitivity of LAL methods, this study was conducted in order to deter-
mine which of the following quantitative methods including chromogenic endpoint,
chromogenic kinetic, and turbidimetric kinetic ones best fit for analysis of primary
endodontic infections.sion, Piracicaba Dental School, State University of Campinas, Sao Paulo, SP, Brazil.
299-3; 08/5755-10; 08/57954-8) and CNPq (3470820/2006-3; 471631/2008-6; 302575/2009-0).
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164 Martinho et al.Material and Methods
Patient Selection
Twenty-one patients who attended the Piracicaba Dental School,
Piracicaba, Brazil, for endodontic treatment were included in this
research. The age of the patients ranged from 13 to 73 years. Samples
were collected from 21 root canals with pulp necrosis determined by
the sensitivity test and showing radiographic evidence of apical perio-
dontitis. The selected teeth showed absence of periodontal pockets
deeper than 4 mm. The following clinical/radiographic findings were
found: pain on palpation (9/21), tenderness to percussion (8/21),
exudation (12/21), radiolucent area $2 mm (11/21), and <2 mm
(10/21). None of the patients reported spontaneous pain.
A detailed dental history was obtained from each patient. Patient
who had received antibiotic treatment during the last 3 months or
who had any general disease were excluded. The Human Research
Ethics Committee of the Piracicaba Dental School approved the protocol
describing specimen collection for this investigation, and all patients
signed an informed consent document regarding the study.Sampling Procedures
All materials used in this study were heat sterilized at 200C for 4
hours, thus becoming apyrogenic. The method followed for disinfection
of the operative field has been previously described (9,15). Briefly, the
teeth were isolated with a rubber dam. The crown and the surrounding
structures were disinfected with 30% H2O2 for 30 seconds followed by
2.5% NaOCl for a further 30 seconds. Subsequently, 5% sodium
thiosulphate was used to inactivate the disinfectant. Sterility of the
external surfaces of the crown was checked by taking a swab sample
from the crown surface and streaking it on blood agar plates, which
were incubated aerobically and anaerobically.
A two-stage access cavity preparation was performed without the
use of water spray but under manual irrigation with sterile/apyro-
genic saline solution and by using sterile/apyrogenic high-speed dia-
mond bur. The first stage was performed to promote a major
removal of contaminants. In the second stage, before entering the
pulp chamber, the access cavity was disinfected according to the
protocol described previously. The sterility of the internal surface
of the access cavity was checked as previously described, and all
procedures were performed aseptically. A new sterile and apyrogenic
bur was used under irrigation with sterile apyrogenic water to access
the canal. The endotoxin sample was taken by introducing sterile
pyrogen-free paper points (size 15; Dentsply-Maillefer, Ballaigues,
Switzerland) into the full length of the canal (determined radiograph-
ically) and retained in position during 60 seconds. Immediately, the
paper point was placed in a pyrogen-free glass and frozen at -80C
for future LAL analysis.Endotoxin Detection Assay
Common Test Procedures. First, the endotoxin samples were
suspended in 1 mL of LAL water and agitated in vortex for 60 seconds.
The LAL water was considered as the blank for all tests. Thereafter, each
sample was analyzed by the three different tests using aliquots from the
initial volume according to the test procedure recommended by the
manufacturer’s instructions as follows. A 96-well microplate (Corning
Costar, Cambridge, MA) was used in a heating block at 37C and main-
tained at this temperature throughout the assay. The absorbencies of
endotoxin were individually measured by using an enzyme-linked
immunosorbent assay plate-reader (Ultramark; Bio-Rad Laboratories,
Inc, Hercules, CA).JOE— Volume 37, Number 2, February 2011
TABLE 2. Distribution of Endotoxin Concentration in EU/mL Recovered From the 21 Root Canals With Primary Endodontic Infection and AP Investigated and the
Performance Characteristic (Reproducibility Assay) of the LAL Methods Selected
LAL-method Test
Endpoint Chromogenic
(QCL-1000)
Kinetic Chromogenic
(Kinetic QCL test)
Kinetic Turbidimetric
(Pyrogent 5000)
Median values of endotoxin [EU/mL] 34.20 7.49 9.19
V Sample (n) NV Sample (n) V Sample (n) NV Sample (n) V Sample (n) NV Sample (n)
Inhibition/ enhancement assay 9 12 2 19 21 0
Reproducibility (c.v. value) 4 17 21 0 21 0
V, validate; NV, nonvalidate sample according to the inhibition/enhancement assay and performance characteristic (reproducibility assay).
Clinical ResearchIndividual Performance Assay
Chromogenic Endpoint Assay. The Quantitative Chromogenic
LAL-1000 test (QCL-1000) (BioWhittaker, Inc, Walkersville, MD) was
used for the quantification of endotoxin in root canal samples. Initially,
50 mL of the blank were used according to the standard endotoxin
concentrations (ie, 0.1, 0.25, and 1.0 EU/mL), and 50mL of the samples
was added in duplicate in the 96-well microplate. This was followed by
the addition of 50 mL LAL to each well, and the microplate was then
briefly shaken. Ten minutes later, 100 mL of substrate solution (pre-
warmed to 37C) was added to each well, always maintaining the
same sequence. The plate was mixed and incubated at 37C for 6
minutes. Next, 100mL of a stop reagent (acetic acid 25% v/v) was added
to each well, and the absorbance (405 nm) was read by using an
enzyme-linked immune-sorbent assay plate-reader (Ultramark, Bio-
Rad Laboratories). Both test procedure and calculation of endotoxin
level were performed according to the manufacturer instructions. A
color interference assay was performed in the QCL-1000 test (chromo-
genic endpoint assay), according to the manufacturer’s instructions, as
recommended if 25% acetic acid is used as stop reagent.
Chromogenic Kinetic Assay. The chromogenic kinetic test used
for the quantification of endotoxin was the KQCL test (BioWhittaker).
First, as a parameter for the calculation of the amount of endotoxins
in root canal samples, a standard curve was plotted by using endotoxins
with a known concentration (50 EU/mL) and their dilutions with the
following final concentrations: 0.005, 0.05, 0.5, and 5 EU/mL. One
hundred microliters of the blank were used according to the standard
endotoxin concentrations (ie, 0.005, 0.05, 0.5, and 5 EU/mL), and 100
mL of the samples were added in duplicate in the 96-well microplate
with the respective positive product control. All reactions were achieved
in duplicate in order to validate the test, and the absorbance (405 nm)
was read by using an enzyme-linked immune-sorbent assay plate-
reader (Ultramark, Bio-Rad Laboratories). Both test procedure and
calculation of endotoxin level were performed following the manufac-
turer’s instructions.
Turbidimetric Kinetic Assay. The turbidimetric test, Pyrogent
5000 (BioWhitaker, Inc, Walkersville, MD), was used to measure endo-
toxin concentrations in the root canals by using the LAL technique. First,
as a parameter for calculation of the amount of endotoxins in root canal
samples, a standard curve was plotted by using endotoxins with a known
concentration (100 EU/mL) and their dilutions with the following final
concentrations: 0.01, 0.10, 1, and 10 EU/mL. One hundred microliters
of the blank was used according to standard endotoxin concentrations
(ie, 0.01, 0.10, 1, and 10 EU/mL), and 100mL of the samples was added
in a 96-well microplate with respective PPC. All reactions were achieved
in duplicate to validate the test. The test procedure and calculation of the
endotoxin level were performed following the manufacturer’s instruc-
tions. The absorbencies of endotoxin were individually measured by
using an enzyme-linked immunosorbent assay plate-reader (Ultramark,
Bio-Rad Laboratories) at 340 nm.JOE — Volume 37, Number 2, February 2011Commonly Performance Assay
Inhibition/Enhancement Assay. The spike procedure was per-
formed according to the manufacturer’s instructions by the addition of
a known concentration value of endotoxin for each LALmethod in order
to detect any possible inhibition or enhancement from the samples in
relation to the LAL substrate.
To verify the lack of product inhibition, an aliquot of test sample
(or a dilution of test sample) is spiked with a known amount of endo-
toxin (0.4 EU/mL). The spiked solution is assayed along with the un-
spiked samples, and their respective endotoxin concentrations are
determined. The difference between these two calculated endotoxin
values should be equal to the known concentration of the spike25%.
Kinetically Inhibition Control. For the kinetic tests (chromo-
genic kinetic assay and turbidimetric assay), the WinkQCL Software
(LONZA, Walkersville, MD) was used to calculate the amount of endo-
toxin recovered in the positive product control (PPC) in the comparison
with the known amount of endotoxin spiked. The endotoxin recovered
should be equal to the known concentration of the spike or within 50%
to 200% as determined by the pharmacopeia. If positive, the test was
considered validated because a good interaction between the samples
and LAL substrate was shown without interfering with the recovery of
endotoxin.
Performance Characteristics. The linearity of the standard
curve within the concentration range used to determine the endotoxin
values were verified for all tests according to themanufacturer’s instruc-
tions. The absolute value of the correlation coefficient (r value) of the
calculated standard curve had to be$0.980.
Replicates were run in order to assess the technique and coeffi-
cient of variation. The percentage of the coefficient of variation for repli-
cates of a sample had to be less than 10%. Reproducibility between 3%
and 4% was considered the best as indicated by the manufacturer’s
instructions. After the measurement of endotoxin, if the levels of endo-
toxin were out of the standard curve or if any possible interference with
LAL method by the root canal samples was detected, serial dilutions
were considered and reassayed.Statistical Analysis
The endotoxin values were statistically analyzed by using SPSS for
WINDOWS, version 12.0 (SPSS Inc, Chicago, IL). The comparison
between the chromogenic endpoint and chromogenic and turbidi-
metric kinetic methods was performed by using the Friedman test
(p < 0.05).Results
Sterility samples taken from the external and internal surfaces of
the crown and its surrounding structures tested before and after
entering the pulp chamber showed no microbial growth. A total ofEndotoxin in Primary Endodontic Infections 165
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21 root canals with pulp necrosis and apical periodontitis were
analyzed by the three different LAL methods.Endotoxin Detection
All three LAL methods were effective in the recovery of endotoxin
from root canal infection. Regardless of the method tested, endotoxin
was detected in 100% of the root canals investigated (21/21). The
KQCL assay yielded a median value of endotoxin of 7.49 EU/mL, which
was close to and not significantly different from the turbidimetric test
(9.19 EU/mL) (both kinetic methods) (p > 0.05). In contrast, the
endpoint QCL showed a median value of 34.20 EU/mL (p < 0.05)
(Table 2).
The percentage of PPC values revealed a good interaction between
the root canal samples and LAL substrate regarding the turbidimetric
method (% values ranging from 50 to 197) (Table 2). Product inhibi-
tion values were found in 2 of 21 root canal samples analyzed by the
KQCL method (PPC value <50%). The endpoint QCL revealed product
interference in 12 of 21 root canal samples (values lower than 0.4 EU/
mL 25%) (Table 2). The color interference assay performed for the
endpoint-QCL method indicated color interference in 11 of 21 root
canal samples, even after a dilution to the 104.Performance Characteristics
The linearity of the standard curve was equally good for all methods
(all r =1) (Table 2). The coefficient of variance for endotoxin concen-
tration was greater than 10% in 17 of 21 root canal samples analyzed by
the endpoint-QCL assay, indicating its low reproducibility (Table 2). In
contrast, the KQCL and turbidimetric kinetic assays revealed as high as
5.50% and 4.46% values of the coefficient of variance, respectively (both
being precise and with best reproducibility) (Table 2).Discussion
The LAL tests use a serine protease catalytic coagulation cascade
that is activated by endotoxin (18). Factor C, the first component in
the cascade, is a protease zymogen activated by endotoxin binding.
Downstream, this pathway activates a proclotting enzyme into a clotting
enzyme (coagulogen into coagulin) (18). The chromogenic LAL assay
(QCL or KQCL) uses the synthetic peptide-pNA substrate, which is
cleaved by the clotting enzyme, imparting a yellow color to the solution.
The turbidimetric kinetic assay uses coagulogen by monitoring its
conversion into coagulin, which begins to form a gel clot, increasing
the turbidity. The strength of the yellow color (determined at an optical
density [OD] = 405 nm) resulting from the chromogenic LAL substrate
and the turbidity (determined at an OD = 340 nm) resulting from the
coagulogen conversion are correlated with the endotoxin concentration.
The progress of the LAL reaction leading to coagulogen conversion
(as measured by OD) was monitored in two ways in the current study:
using the endpoint and kinetic methods. In the first (QCL test), OD is
recorded at single time (z16 minutes), which compromises its sensi-
tivity (0.1-1 EU/mL) (18). Conversely, in kinetic assays (KQCL/turbidi-
metric tests), OD is read at multiple time points because the reaction
proceeds with no termination step (z 60 minutes), which allows
the concentration of endotoxin to be quantified over a wider range
sensitivity (0.005-50 EU/mL in the KQCL and 0.01-100 EU/mL in the
turbidimetric methods). Because the levels of endotoxin found in
endodontic infection (8, 14, 15) are above the endpoint-QCL sensitivity
(1 EU/mL), a higher serial dilution is required for such a method,
particularly in symptomatic teeth (11). Nevertheless, when considering
the dilution method, not only the concentration of endotoxin is diluted
but the test sensitivity is also affected.166 Martinho et al.According to the endodontic literature, the present investigation
has shown that all three LAL methods tested were sensitive enough
for the investigation of endotoxin in primary endodontic infection
because endotoxin was detected in 100% of the root canal samples
(9, 11, 13–15).
The KQCL test yielded a median value of endotoxin close to and not
significantly different from that of the turbidimetric kinetic test (7.49 vs
9.19 EU/mL, respectively). The differences in endotoxin measurement
between these two kinetic methods might be related not only to the test
principle itself (use of a chromogenic synthetic LAL substrate in the
KQCL vs a native substrate [coagulogen] in the turbidimetric method)
but also to unique assay variations, such as the time for adding reagent
to multiple wells and the inability to control the incubation temperature
in themicroplate readers. These are important factors toward interassay
comparisons (18, 30, 31). Under these conditions, the interassay
coefficients of variation between these two kinetic tests were lower
than 25% as expected (18).
In contrast to the kinetic tests, the endpoint-QCL method showed
a median value of endotoxin approximately five times greater than that
of both kinetic methods (34.2 EU/mL), suggesting an interference with
the LAL substrate by the samples. Such interference with the endpoint
QCL was confirmed by the inhibition/enhancement assay (spiked values
lower than 0.4 EU/mL 25%), even after serial dilutions of the clinical
samples (up to 104). Endodontic investigations (11, 14) using the
endpoint-QCL test also reported higher levels of endotoxin.
It is worth pointing out that although kinetic QCL uses a single
reagent, the endpoint QCL has two stages: LAL activation followed by
the addition of a chromogenic substrate (a chromophore release
stage), both critically depending on time and temperature (29). The
use of a single-reagent assay seems to improve the precision, speed,
and accuracy of the tests (27, 29).
Foremost, the inhibition/enhancement assay indicated a good
interaction between the root canal samples and both kinetic methods
(KQCL and turbidimetric) by showingmost of the PPC percentage values
within the acceptable range (50-200) as recommended by the US Phar-
macopoeia. Additionally, the reproducibility assay (determined by the
coefficient of variance) indicated a good technique and low coefficient
of variation (all <10%) between the root canal sampling replicates
determined by kinetic LAL tests, being both more precise and with
a better reproducibility than the endpoint QCL.
The color interference assay indicated possible color interference
in more than 50% of the root canal samples analyzed by the endpoint
QCL, even after considering serial dilution method to 104, a strategy
usually attempted to minimize possible sample color interference. In
fact, because the endotoxin samples were suspended in a noncolored
medium (LAL water), it can be speculated that the use of 25% acetic
acid as a stop reagent might interfere with the assay because of its
capacity to turn yellow by increasing the intensity of the yellow color
and consequently overestimating the levels of endotoxin.
Regarding the endotoxin detection, the sample by itself presents
critical points that must be considered for an optimal LAL reaction. First
of them is themicrobiota profile (primary vs secondary infection), partic-
ularly in secondary endodontic infection in which gram-positive bacteria
(32) are predominantly involved. An unusual reactivity with peptido-
glycan from the cell wall of gram-positive bacteria (z0.00025%)
(33) might account for a positive LAL assay at concentrations 1.000 to
400.000 times higher than the required one because of the alternative
glucan pathway (19), requiring specifically blockage with laminarin
(34).
The pH variation in the root canals after the use of chemical
substances during the treatment also plays an important role in the LAL
reaction. In order to get an ideal pH (6.0-8.0) (30, 31) for LALJOE— Volume 37, Number 2, February 2011
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enzyme activation, an adjustment of the pHof the root canal samplesmight
be required, particularly after the use of chemical substances (eg, sodium
hypochlorite, chlorhexidine, and ethylenediaminetetraacetic acid).
Moreover, a prior cleaning of the root canal samples by centrifugation
or filtration might be necessary, particularly in the analysis of the
endotoxin samples after the use of an intracanal medicament (eg,
calcium hydroxide), because the turbidity of the samples might
interfere in the endotoxin measurement.
In view of the results, the present study indicated that it is not
possible to reconcile the levels of endotoxin determined by the endpoint
QCL with the kinetic LAL methodology. Foremost, future endotoxin
comparison studies must take into consideration the method used
for the quantification of bacterial LPS before establishing any compar-
isons of the levels of endotoxin, always comparing endpoint with
endpoint-QCL LAL studies, as well as kinetic to kinetic LAL investiga-
tions. In conclusion, this study has revealed that quantitative kinetic-
turbidimetric and kinetic-chromogenic LAL methods are best fitted
for the analysis of endotoxins in root canal infection, both being
more precise and allowing better reproducibility compared with the
endpoint-QCL assay.Acknowledgments
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